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Lightweight Gearing 
The present invention provides a high ratio epicyclic gear assembly with 
high efficiency and minimum volume and weight. Whfle it may be used either for 
speed reducing or increasing applications, it is particularly suited for the latter, 
especially for wind turbo-generator drives in which torque and overall speed 
step-up ratio increase with power causing disproportionate increases in gearbox 
weight, e.g. a 3000 kW turbine runs at 35% of the speed and has 22.6 times the 
torque of a 375kW machine. This means that an eight fold increase in power 
increases the weight of the associated gearbox by a factor of over 22.6. This 
invention enables a gearbox not only to be less than half the weight of a 
conventional gearbox, but also to have lower gear tooth stresses, longer life 
bearings and higher overall efficiency: " *■ ■ ■ 

Since gear box manufacturing costs are primarily governed by weight and 
since this in turn influences nacelie and tower weights, then significant savings 
can be made in a complete installation. 

This invention therefore, exploits the fact that an epicyclic gear with a low 
basic annulus to sun ratio can accommodate a greater number of planet wheels 
than a gear with a high ratio. Furthermore, the tower the ratio, the more efficient 
the gear becomes when used In a planetary configuration with a stationary 
annulus because the lower relative speed of the sunwheei with respect to the 
planet carrier, ensures that a greater proportion of the throughput power is 
transmitted by a direct coupling effect. Since a planet carrier has a torque equal 
numerically to the sum of the sun and annulus torques, then to minimise volume, 
it should always be used as the high torque member in a transmission. However, 
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to realise the full benefit of using more than three planets It is essential to have 
an effective means of sharing the toad equally between them e,g. the flexible pin 
planet spindle which enables the maximum number to be used subject only to 
the clearance between adjacent planet tip diameters.The key feature of this 
invention is that total input torque Is equally divided between two low ratio 
primary planetary trains that transmit power along two parallel paths. These low 
ratios stem from the use of a secondary differential train to re-combine the 
separated power flows into a single output. The resultant overall speed 
increasing ratio is effectively doubled and for a given output speed, the primary 
ratios can be halved. This enables more planets to be used so that there is a 
significant reduction in collective weight and component sizes. 

According to one embodiment of this invention, as shown in figurel, the 
input power and torque of a speed increasing gear are divided between the 
planet carriers 1 and 2 of two planetary trains with equal powers flowing from 
their respective sunwheels 3 and 4. The first sunwheel drives the planet carrier 5 
of a differential train while the second sunwheel drives the differential annulus 6 
via an intermediate star train 7 at the required speed and sense of rotation 
necessary to precisely equalise the powers in the respective primary trains 
irrespective of relative torsional deflection between the Inputs to the two planet 
carriers. 

While It is quite feasible to have the same annulus to sun ratios of 2.8 in 
the two primary planetary trains and corresponding ratios of 1.62 in the 
intermediate star and differential trains to give an overall speed increasing ratio 
20/4 , a larger overall ratio may be obtained if the second primary train ratio is 



10080649 r^S^;p5::<)^fl?; 



22-SEP-2003 16:05 FROM Uynne-Jones Laine & James TO PO PAX FLG P. 06 



Hlcks-3.doc 



3 

somewhat less ihan the first as this enables the ratio of the low torque 
differential train to be increased e.g. respective annulus to sun ratios of 2.8 and 
2.15 in the two high torque primary and 1.54 and 3.6 in the low torque 
intermediate and differential trains give an overall ratio of 35/1 . With such ratios, 

5 flexible planet spindles enable 6 and 8 planets to be accommodated in the 
primary trains with 12 and 5 in the intermediate and differential trains. 

Notwithstanding the four trains in this arrangement, the split power paths 
and low ratios with multiple planets having small diameters, ensure that relative 
pitch line velocities, tooth loads and the overall associated losses are lower than 

1 0 those in a conventional two stage gear having the same overall ratio. 

As shown in figure 2, by introducing an intermediate solar train 8 i\e. (with 
a stationary sunwhee! reaction member) into the first power path to the 
differential planet carrier and increasing the ratio of the Intermediate star in the 
second path to the differential annulus. the differential annulus to sun ratio can 

15 be increased to 5.1 (with 4 planets) to give an overall ratio of 70/1. Since this 
can be done without changing the primary high torque planetary ratios, there is a 
relatively minor increase in weight due mainly to the additional tow torque solar 
train. 

Figure 3 shows that overall ratio can be increased even further to 120/1, 
again without significant increase in weight, by changing from a solar to a 
planetary intermediate train 9 in the first path and increasing the intermediate 
star ratio in the second path but leaving the primary and differential ratios the 
same as figure 2. 



20 
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Further variations of the intermediate and differential train ratios can 
effect sufficient increases in overall ratio to ensure that there is no need lor more 
than five trains for any currently envisaged wind turbine powers and speeds. 
However, it is feasible to divide the transmission into three or more parallel 
5 power paths with a double or multiple differential integrating arrangement. 

The choice of overall epicyclic ratio and the number of trains that this 
entails is governed by the installation architecture e.g. whether or not an offset 
output shaft is required. It is also dependent on the embodiment of additional 
torque limiting and/or variable ratio mechanisms. To minimise volume and 
10 weight, these are preferably located at the high speed/low torque output stage, 
before the final drive to the generator. 
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Claims 

1 . A high ratio epicydic gear assembly comprising first and second low ratio 
primary planetary trains for transmitting power along two parallel paths and a 
secondary differential train for combining the power flows in the planetary trains 

5 Into a single output wherein the primary trains are arranged to share 
substantially equally the total input torque. 

2. An assembly as claimed in claim 1 further comprising an intermediate 
gear train drivingly located between one primary planetary train and one half of 
the differential train. 

10 3. An assembly as claimed in claim 2 where the intermediate gear train is a 
star train 

4. An assembly as claimed in any one of the preceding claims where the 
gear ratio in one primary train is lower than the other. 

5. An assembly as claimed in any one of the preceding claims wherein the 
15 secondary differential train is a planetary train. 

6. An assembly as claimed in claim 5 when dependent on claim 4 wherein 
the primary planetary chains have 6 and 8 planets respectively and the 
intermediate and differential trains have 12 and 5 respectively. 

7. An assembly as claimed in daim 4 including an intermediate solar train 
20 connection between a primary train and the planet carrier of the differential train. 

8. An assembly as claimed in daim 6 wherein the solar train is replaced by a 
planetary intermediate. 
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